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The compositional variability, evolutionary history and diamond potential of the lithospheric mantle 
underlying the southwestern margin of the Karelian Craton has been studied using major and trace 
element geochemistry of peridotitic xenocrysts from five kimberlite pipes in the Kaavi-Kuopio area, 
eastern Finland. Pyrope garnet xenocryst data, combined with petrological constraints provided by 
peridotite xenoliths, yield a relatively complete lithologic section through the lithospheric mantle. Ni 
thermometry on pyropes gives a temperature range of 650-1350 °C and, based on a geotherm 
determined using mantle xenoliths, indicates a wide sampling interval, ca. 80-230 km. By studying 
pyrope compositions as a function of temperature, three distinct layers can be recognized in the local 
lithospheric mantle: 1. A shallow (<110 km) clinopyroxene-bearing garnet-spinel harzburgite layer 
distinguished by Ca-rich but Ti-, Y-, Zr- and REE-depleted pyropes. 2. A variably depleted lherzolitic, 
harzburgitic and wehrlitic horizon from 110 to 180 km. 3.  A deep layer from 180 to 240 km composed 
largely of fertile peridotites. The chondrite-normalized REE profiles of subcalcic harzburgitic garnet 
xenocrysts originating from layer 2 preserve memory of an extensive ancient melt extraction event, 
similar to observations from lithosphere underlying Archean cratons elsewhere. The REEN signatures 
of rare depleted garnets from layer 3 also bear evidence of this event. The majority of pyropes are 
lherzolitic and megacryst varieties exhibiting LREEN depletion relative to MREEN and HREEN typical 
of Ca-saturated mantle garnets. The enrichment of MREE-HREE probably derives from a melt 
metasomatic event, which is also recorded by a Ti-metasomatic overprint on many pyropes. The 
subcalcic harzburgitic and a subset of the lherzolitic garnets have apparently remained unaffected by 
this metasomatism. The rare depleted pyropes originating from the deepest mantle horizon possibly 
represent remnants of depleted peridotites that once existed at depths greater than 180 km. The 
peridotitic diamond window at Kaavi-Kuopio stretches from the top of the diamond stability field at 140 
km to the base of the harzburgite-bearing mantle at about 180 km, implying a roughly 40 km thick 
prospective zone.  
 
A basic diamond exploration method in recently glaciated terrains, such as Fennoscandia, is to track 
kimberlitic indicator mineral grains dispersed in Quaternary deposits. In order to develop prospecting 
techniques, a target area in Lapland, 20 km by 50 km in size, was selected for a pilot study to test 
semi-quantitative extraction of chromite from till. Despite the negative outcome for diamond 
exploration in the target area, the main goal was realized by showing the possibility of recognizing 
regionally and more locally derived chromite populations in till based on their compositional and 
morphological characteristics. As a follow-up study, a detailed heavy mineral and geochemical survey 
of basal till was carried out around two known kimberlites, Pipe 7 in Kaavi and Dyke 16 in Kuhmo. 
The targets represent two different kimberlite types in terms of shape, size, age and petrology. The 
indicator fan derived from Pipe 7 is well defined and extends at least 2 km down-ice with a maximum 
concentration at 1.2 km distance from the pipe. Another kimberlitic body discovered during the study 
underlines the possibility of even more undiscovered kimberlites in the area. The indicator train from 
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Dyke 16 is shorter (~1 km) and less well defined than that at Kaavi, mainly due to lower indicator 
content in the kimberlite itself and subsequently in till, and a strong population of background 
chromites in till; the latter were probably derived from the Kuhmo greenstone belt. The indicator 
maximum occurs immediately down-ice from the kimberlite, after which the concentration drops 
rapidly. Results from till fine fraction geochemistry did not reveal a kimberlitic signature in either of the 
study areas; this may reflect the small size of the kimberlitic bodies.  
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PREFACE 
 
Kimberlitic rocks occur in the eastern and northern parts of Finland, in the regions of Kaavi-Kuopio, 
Kuhmo and Kuusamo. Many of the bodies are diamondiferous. Active diamond exploration has been 
ongoing in the country since the 1980’s (Tyni, 1997). Public scientific research on the Finnish 
kimberlites started in the mid 1990’s and has continued to present day. The petrological 
characteristics of the kimberlites have been studied (Tyni, 1997; O’Brien & Tyni, 1999) and several 
methods have been applied to determine their age (Tyni, 1997; Peltonen et al., 1999; Peltonen & 
Mänttäri, 2001; O’Brien et al., 2005). Mantle xenoliths (Peltonen, 1999; Peltonen et al., 1999; 
Woodland & Peltonen, 1999; Peltonen et al., 2002) as well as lower crustal xenoliths (Hölttä et al., 
2000) transported by the kimberlite magma have also been a focus of scientific interest. In addition, a 
geotherm for the mantle underlying Kaavi-Kuopio has been calculated using heat flow constraints and 
mantle xenolith modes and their geophysical properties (Kukkonen & Peltonen, 1999; Kukkonen et 
al., 2003). The morphological characteristics of diamonds have also been studied (Kinnunen, 2001).  
 
I began my Ph.D. project in 2001 at the Geological Survey of Finland (GTK) with the financial support 
of a 3-year grant from the Academy of Finland (project #50602, “Diamonds and the lithospheric 
mantle in Finland”). The leader of the project was Professor Ilmari Haapala of the University of 
Helsinki. The project was carried out in collaboration with the University of Cape Town. There were 
two distinct aims in the project. The first was to produce further information on the compositional 
variability and evolutionary history of the mantle beneath the southwestern portion of the Archean 
Karelian Craton, and to evaluate its diamond potential. The study material for this part of the work 
consisted mostly of mantle-derived xenocrysts from the Kaavi-Kuopio area kimberlites. The second 
objective was to study the sand-sized kimberlitic indicator mineral dispersal and fine fraction 
geochemical signatures in basal till surrounding the kimberlitic bodies. The ultimate aim of this part of 
the project was to provide information that could be applied directly to diamond exploration in recently 
glaciated terrains. 
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1. INTRODUCTION 
1.1 Kimberlites 
Kimberlites are volatile-rich, potassic, ultrabasic igneous rocks that are enriched in many incompatible 
constituents, such as alkalis, Sr, Zr, Hf, Nb and REE, but also in some first order transition elements 
(Mg, Ni, Cr and Co) (e.g., Clement et al., 1984; Clement & Skinner, 1985; Mitchell, 1986). Kimberlites 
are derived from limited partial melting of the mantle at very high pressure, corresponding to depths 
greater than 150 km. Kimberlites exsolve volatiles, mostly CO2, during ascent to the Earth’s surface, 
and usually occur as pipe-like bodies, known as diatremes, showing considerable brecciation. 
Kimberlites are separated into three facies groups: an extrusive group (crater and epiclastic facies) 
and a hypabyssal group (dykes, sills and root zone) that are interconnected by diatremes (Fig. 1). 
Kimberlites tend to exist in clusters containing up to hundreds of individual pipes. Kimberlite clusters 
typically cover only a few square kilometers of area. The size of the pipes ranges from some tens or 
hundreds of meters across to the Camafuca-Camazambo pipe in Angola that is reported to cover an 
area of 3.06 x 0.2 km (Erlich & Hausel, 2002). Mitchell and Bergman (1991) reported that the total 
volume of known kimberlite in the world is on the order of 5000 km3 making it one of the most rare 
rock types in the world.  
 
The mineralogy of kimberlites is highly variable and complex. They have a distinctive inequigranular 
texture due to their hybrid origin as they may contain mantle xenoliths, mantle xenocrysts, megacryst 
suite of minerals (Mg-ilmenite, Ti-pyrope garnet, Cr-diopside, phlogopite, enstatite, zircon and olivine), 
crustal xenoliths and euhedral to subhedral phenocrysts set in a groundmass matrix crystallized from 
the kimberlite magma. Mitchell (1986) provided the following definition for kimberlite, emphasizing 
petrologic characteristics: 
 
“Kimberlites are inequigranular alkalic peridotites containing rounded and corroded 
megacrysts of olivine, phlogopite, magnesian ilmenite and pyrope set in fine-grained 
groundmass of second generation euhedral olivine and phlogopite together with primary and 
secondary (after olivine) serpentine, perovskite, carbonate (calcite and/or dolomite) and 
spinels. The spinels range in composition from titaniferous magnesian chromite to magnesian 
ulvöspinel-magnetite. Accesory minerals include diopside, monticellite, rutile and nickeliferous 
sulphides. Some kimberlites contain major modal amounts of monticellite.” 
 
Since their recognition in the late 19th century in South Africa, kimberlites have been regarded as the 
principal host rocks for diamonds. Diamonds are not, however, genetically related to kimberlites. 
Instead, diamonds occur in kimberlites as xenocrysts that have been transported from the upper 
mantle by the kimberlite magma during ascent to the Earth’s surface. Diamonds exist within the upper 
mantle in unique host rocks that include eclogite and some peridotite varieties, mostly garnet- and 
chromite-harzburgite. Equilibrium subcontinental geotherms require depths of 150 to 200 km 
(corresponding 45 to 55 kbar and 1050 to 1200 oC) to stabilize diamond within such cratonic 
environments (e.g., Kennedy & Kennedy, 1976; Pollack & Chapman, 1977).  
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 Figure 1. Schematic diagram (not to scale) of an 
idealized kimberlite magmatic system illustrating 
relationships between crater, diatreme and 
hypabyssal facies rocks. Hypabyssal rocks include 
sills, dykes, root zone, and “blow”. Depth of a 
typical kimberlite pipe is on the order of 2-3 km 
(after Mitchell, 1986). 
 
Diamondiferous kimberlites are largely confined to the stable Archean cratons characterized by a low 
heat flow and a thick lithospheric mantle. A low geothermal gradient combined with great thickness of 
lithosphere increase the probability that the ascending kimberlite magma will intersect diamondiferous 
material in the mantle (Kennedy, 1964; Helmstaedt & Gurney, 1995; Morgan, 1995). The necessity for 
the Archean bedrock is probably related to the unique, high degree of partial melting of the mantle 
(komatiite extraction), leaving extremely depleted harzburgite and dunite residues (Helmstaedt & 
Gurney, 1995).  
 
Already in 1914 kimberlites were divided into two classes, basaltic and lamprophyric (Wagner, 1914). 
This terminology described the macroscopic appearance of the rocks without genetic significance. 
These terms are today considered archaic and have been replaced by the terms Group I and Group II 
kimberlite. Groups I and II can be distinguished by their isotopic compositions (87Sr/86Sr vs. 
143Nd/144Nd) (Smith, 1983). Group I kimberlites are derived from a relatively primitive mantle source, 
probably asthenosphere, and Group II kimberlites are thought to originate from metasomatically 
enriched parts of the lithosphere (Mitchell, 1986). Group I kimberlites are found worldwide and range 
in age from Lower Proterozoic to Miocene. They can be described as olivine-rich monticellite-
serpentine-calcite kimberlites containing upper mantle xenoliths and megacrystal minerals. Group II 
kimberlites consist of olivine macrocrysts in a matrix of phlogopite and diopside with spinel, perovskite 
and calcite. In contrast to Group I kimberlites, they lack magnesian ülvospinel and monticellite. The 
type locality of Group II kimberlites is in South Africa, and they are also referred to as orangeites 
(Mitchell, 1995). 
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Figure 2. Schematic diagram (not to scale) illustrating the idealized morphological relationships of
lava, crater or pyroclastic, hypabyssal and plutonic facies lamproite in different types of vent
complexes. Also illustrated are the appearances of lamproite vents after erosion of the maar crater.
Depth of a typical lamproite vent is on the order of 0.5-1.0 km (after Mitchell & Bergman, 1991). 
 
1.2 Lamproites 
Besides kimberlite, lamproite, or olivine lamproite more precisely, is another important hard rock 
source for diamond. Lamproite is an even more exotic rock type than kimberlite. The total volume of 
known lamproite in the world is less than 100 km3 (Mitchell & Bergman, 1991). Lamproitic rocks 
resemble kimberlites in being mafic, peralkaline, ultrapotassic, volatile-rich igneous rocks but there 
are also significant differences between these two rock types. Lamproite clan rocks have no 
mineralogical or geochemical affinities with Group I kimberlites (Mitchell, 1986): they lack, e.g. the 
megacryst suite minerals, monticellite and primary serpentine. However, lamproites have some 
mineralogical affinities with Group II kimberlites (Mitchell & Bergman, 1991). For instance, the 
abundant phlogopite that occurs in both of these rock types is of broadly similar composition. Group II 
kimberlites differ from lamproites in that they contain abundant calcite. Lamproites have varying 
mineralogical composition that may include diopside, phlogopite, K-Ti-richterite, leucite, sanidine, 
wadeite, priderite and/or olivine with minor apatite, perovskite, ilmenite and spinel. Sanidine, K-Ti-
richterite and leucite are absent from Group I kimberlites and extremely rare in Group II (Mitchell & 
Bergman, 1991). Geochemically lamproites are similar to Group II kimberlites being enriched in K, Zr, 
Nb, Sr, Ba and Rb relative to Group I kimberlite (Kirkley et al., 1991). Lamproites are probably derived 
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from a mantle source similarly enriched as the source for Group II kimberlites (Mitchell & Bergman, 
1991).  
 
Like kimberlites, lamproites typically occur within groups or fields. Individual lamproite bodies consist 
of dykes, sills, vents, flows and scoria cones with surface areas of some hectares (Fig. 2). Diatreme-
type formations characteristic of kimberlites are not common among lamproites. The difference in 
morphology reflects the difference in volcanology of lamproites and kimberlites that in turn results 
from the different volatile contents and composition. Lamproites are characterized by air-fall tuffs, 
base surge-deposits, lava flows, and a central core of massive lamproite (Mitchell & Bergman, 1991). 
The volatiles in lamproites are highly soluble silicate melts rich in H2O and F. During the ascent of this 
type of magma, it is not until at 0.5-1 km depth that significant exsolution of an aqueous fluid phase 
occurs. Explosive expansion of this fluid probably results in the formation of funnel-shaped lamproitic 
vents (Mitchell & Bergman, 1991). In contrast, kimberlitic magmas enriched in CO2 exsolve volatiles at 
much greater depths, 2-3 km. As a result, kimberlitic magmas will produce deeper eruptions that form 
carrot-shaped diatremes (Mitchell, 1986).  
       
1.3 Kimberlites and lamproites in Finland 
The Archean Karelian Craton is prospective for diamondiferous kimberlitic and lamproitic rocks based 
on the empirical evidence necessary for diamond preservation: the geothermal gradient is low 
(Kukkonen & Jõeleht, 1996) and the lithosphere is thicker than 170 km according to seismic 
observations (Calcagnile, 1982). The area where thick lithospheric mantle, low heat flow and Archean 
bedrock overlap is the most prospective for diamond exploration. In the eastern Fennoscandian 
Shield, such area covers a major portion of Finland, Russian Karelia and the Kola Peninsula. 
 
So far, kimberlitic rocks have been found in the eastern and northern parts of Finland, in the regions 
of Kaavi-Kuopio, Kuhmo and Kuusamo (Tyni, 1997; O’Brien & Tyni 1999; Fig. 3). The first kimberlite 
in Finland was discovered in Kaavi in 1964 by Malmikaivos Oy, a small Finnish mining company, 
while prospecting for base metals (Tyni, 1997). The discovery of this non-diamondiferous kimberlite 
was nearly forgotten for 20 years, until in the early 1980’s the company found two more kimberlite 
pipes in the area. In 1986 Malmikaivos signed a joint venture with Australian Ashton Mining Ltd. with 
the aim to prospect for economic kimberlites in Finland. By 1996 Malmikaivos/Ashton had discovered 
24 kimberlitic bodies in the Kaavi-Kuopio, Kuusamo and Kuhmo areas, most of them diamondiferous, 
varying in size from less than 1 ha to nearly 4 ha. Since then several other companies have been 
involved in diamond exploration in Finland. Diamet, DeBeers and Rio Tinto were the other major 
diamond companies operating in Finland before 2000, but none of them were as successful as 
Malmikaivos/Ashton. European Diamonds Plc. started operating in Finland in the late 1990’s and has 
explored a large part of the prospective Karelian Craton in the eastern and central parts of the 
country. The company has identified a number of kimberlite indicator mineral dispersal fans in 
Quaternary till and reported a large kimberlite complex in Lentiira in the Kuhmo municipality. 
Presently, European Diamonds Plc. is re-evaluating the Lahtojoki kimberlite (also known as Pipe 7) in 
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Kaavi that was first discovered by Malmikaivos/Ashton in 1989. Some other Malmikaivos/Ashton 
kimberlites in the Kaavi-Kuopio region are being re-examined by Nordic Diamonds Plc., which is also 
exploring for new kimberlites in the area. In addition, Gondwana Investments SA has claimed ground 
for diamond exploration in Kaavi. Karelian Diamonds Resources Plc. (an associate of Conroy 
Diamonds and Gold Plc.) has been operating mainly in the Kuhmo area for several years and has 
recovered kimberlite and diamond indicators in till samples. Farther north in Finland, exiting new 
discoveries have recently (2004-2005) been reported by Tertiary Minerals Plc. and it’s associate 
Sunrise Diamonds Plc. – the companies have drilled into five kimberlites south of Kuusamo. Despite 
of all these activities, the Karelian Craton remains even today (2005) under-explored given its size 
 
and potential.  
.3.1 The Kaavi-Kuopio Kimberlite Province 
ated at the southwestern margin of the Karelian Craton. 
 
N 
Figure 3: ing the known
kimberlite lo
 Simplified geological map of Finland (after Korsman et al., 1997), show
cations in the eastern and northern parts of the country. 
1
The Kaavi-Kuopio Kimberlite Province is situ
Presently approximately twenty classical Group I kimberlites are known from the district. The 
kimberlites contain abundant macrocrysts of olivine, Mg-ilmenite, Cr-diopside, pyrope garnet; 
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phenocrysts of olivine and microphenocrysts of monticellite, perovskite, kinoshitalite mica and spinel 
occur in a calcite + serpentine matrix (Tyni, 1997; O’Brien & Tyni, 1999). Phlogopite is not abundant, 
and there are no indications of Group II kimberlite affinities in these rocks. The pipes have intruded 
Archean (3.5-2.6 Ga) basement gneisses and allochthonous Proterozoic (1.9-1.8 Ga) metasediments 
(Kontinen et al., 1992). The intrusions range from purely hypabyssal kimberlite dykes to multiphase 
pipes of diatreme facies rocks. The Kaavi-Kuopio kimberlites generally contain abundant diamond 
indicator minerals and almost all of them contain at least trace amounts of microdiamonds (Tyni, 
1997).  
 
Over the years, several methods have been applied to age dating the Kaavi-Kuopio kimberlite 
.3.2 Kimberlites and related rocks in the Kuusamo and Kuhmo areas 
are carbonate-rich ultramafic 
magmatism. The first age determinations were K-Ar measurements of two whole-rock samples from 
Pipes 1 and 2, which yielded ages of 430 Ma and 560 Ma, respectively (Tyni, 1997). These ages were 
regarded as rough estimates of the true age. Another approach to date the kimberlite emplacement 
was attempted by Peltonen et al. (1999): garnet and clinopyroxene separates from four garnet-
peridotite xenoliths from Pipe 7 yielded two-mineral Sm-Nd isochron ages between 525±10 Ma and 
607±20 Ma. The younger age is considered to be closer to the real age of the kimberlite 
emplacement, because garnet and clinopyroxene have most likely coexisted at (or close to) chemical 
equilibrium at the time of detachment of the xenoliths from their lithospheric mantle source. Yet 
another method, U-Pb age determinations on zircon xenocrysts from Pipe 7, resulted in two 
concordant age groups, 2.7 Ga and 1.8 Ga (Peltonen & Mänttäri, 2001). Clearly, these zircons have 
not crystallized from the kimberlite magma, but were derived from older sources. The authors believe 
that the two different ages result from partial resetting of Archean grains, possibly originating from 
lower crustal mafic pegmatitites and hydrous coarse-grained veins, in the 1.8 Ga thermal event 
related to the Svecofennian orogeny. Probably the most reliable ages determined for the kimberlite 
magmatism are the ion microprobe U-Pb ages of 589-626 Ma from perovskite grains recovered from 
several Kaavi-Kuopio kimberlites (O’Brien et al., 2005). Perovskite is an ideal mineral for dating 
kimberlites, as it crystallizes from the kimberlitic melt.  
 
1
Farther into the Karelian Craton, in the Kuusamo area, there 
lamprophyre (aillikite) dykes, and in Kuhmo, there is a rock type, which appears to be intermediate 
between olivine lamproite and Group II kimberlite (O’Brien & Tyni, 1999). The latter, referred as 
Seitaperä kimberlite or Dyke 16, shows many similarities to the diamondiferous rocks of the 
Lomonosova deposit in the Archangelsk area. It contains most of the typomorphic minerals of 
lamproite and in major element composition it is equivalent to average olivine lamproite. 
Serpentinized olivine macrocrysts and phenocrysts along with microphenocrysts of phlogopite, K-
richterite, diopside, apatite and perovskite are found in a serpentine and calcite matrix (O’Brien & 
Tyni, 1999). However, Dyke 16 also has certain mineralogical characteristics that are more typical of 
those seen in Group II kimberlites, such as Ca-Zr-silicates, specific zoning in micas, and more 
importantly primary carbonate in the matrix. The diamond content of Dyke 16 is marginal based on 
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the claim report delivered by Malmikaivos-Ashton to the Ministry of Trade and Industry. Based on U-
Pb ages from perovskites, ca. 1250 Ma (O'Brien et al., 2005), and Ar-Ar ages from phlogopite 
microphenocrysts, ca. 1200 Ma (Hugh O’Brien, personal communication, 2004), the Kuhmo rocks 
appear to be considerably older than the kimberlites in the Kaavi-Kuopio region as well as those in the 
Archangelsk area – the latter hosts 365 Ma kimberlites (Beard et al., 1998).  
 
1.4 Diamond exploration methods in glaciated terrains 
s and lamproites, in recently glaciated 
hen recovered from heavy mineral concentrates of sediment samples, the kimberlitic indicator 
Another ular tool in regional diamond exploration is the use of till geochemistry. The method is 
A common method to explore for diamond host rocks, kimberlite
terrains, such as the Canadian and Fennoscandian Shields, is to track kimberlitic/lamproitic indicator 
mineral grains dispersed in Quaternary till and stream sediments. This prospecting method has been 
applied successfully worldwide as a diamond exploration technique, especially during reconnaissance 
and regional stages of exploration programs (e.g., Gurney, 1984; Atkinson, 1989). The indicator 
minerals meet the following requirements (McClenaghan & Kjarsgaard, 2001): they are (1) far more 
abundant than diamonds in the source rock; (2) visually and chemically distinct; (3) sand-sized (0.25-
2.0 mm); (4) sufficiently dense to be concentrated by gravity; and (5) chemically and physically 
resistant to survive preglacial weathering and subsequent glacial transport. The classic kimberlitic 
indicator mineral suite used in diamond exploration includes Cr-pyrope, Ti-pyrope and eclogitic 
garnet, Cr-diopside, Mg-ilmenite, and chromite. Indicator mineral content and relative abundance of 
different indicators may vary greatly between individual kimberlites and lamproites (e.g., Mitchell 
1986; Mitchell & Bergman, 1991).  
 
W
minerals are traced up-ice or up-stream to the source area. Ideally, the indicator trail will lead to the 
kimberlitic host rock. At the extreme, indicator grains may form dispersal trains extending several tens 
of kilometers in till from individual kimberlites and kimberlite fields, as in the Lac de Gras region, 
Canada (e.g., Armstrong, 1999; McClenaghan et al., 2002). Exploration based on indicator minerals 
requires profound understanding of the glacial history in the region as well as sensitive processing 
methods, as the indicator contents in glacial sediments can be extremely low, even relatively close to 
the kimberlite. Recovery of a few sand-sized indicator grains from tens of kilograms samples requires 
a methodology necessitating 1 ppb sensitivity or better. GTK has developed such a system by 
modifying and augmenting 3" and 4.5" Knelson Concentrators that accomplishes nearly complete 
recovery of moderately heavy minerals (>0.25 mm) from till (Chernet et al., 1999). 
 
 pop
based on the distinct chemistry of kimberlitic rocks, which are enriched in incompatible elements (Sr, 
Ba, LREE, Nb, Ta, Hf, Zr, P, Ti) as well as some compatible first order transition elements (Mg, Ni, Cr, 
Co) (e.g., Fipke et al., 1995). Geochemical anomalies formed by these elements can be used as 
pathfinders in diamond exploration in a similar way to indicator minerals. The set of pathfinder 
elements are typically region-specific because geochemical anomalies are created by the contrast 
between kimberlite and country rocks (McClenaghan & Kjarsgaard, 2001). Geochemical signatures in 
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till derived from individual kimberlites can be detected usually over a distance of a few hundreds of 
meters to some kilometers only. 
 
For successful application of the two diamond exploration methods, indicator minerals and 
1.5 The aim of the thesis 
ond, kimberlites and lamproites are also valuable sources of information 
nother major objective of this thesis was to study glacial dispersal of indicator minerals and 
geochemistry of till, it is essential to carry out case studies around known kimberlitic bodies. Active 
diamond exploration in Finland has been ongoing for over two decades (Tyni, 1997) but systematic 
glacial dispersal studies around the known kimberlites, similar to those conducted on several 
kimberlites and kimberlite fields in the shield terrain of Canada (listed in McClenaghan & Kjarsgaard, 
2001), have not been published to date.  
 
Not only host rocks of diam
about the underlying lithosphere in the form of mantle xenoliths and xenocrysts that the ascending 
kimberlitic/lamproitic magma has brought to the Earth’s surface. The xenolith suite in the Kaavi-
Kuopio kimberlites provides evidence of a compositionally stratified lithospheric mantle adjacent to the 
ancient suture zone between the Archean Karelian Craton and the Proterozoic Svecofennian mobile 
belt (Peltonen et al., 1999). A shallow layer (<900 °C) of garnet-spinel harzburgites is underlain by a 
layer of garnet facies peridotites (180-240 km). Mantle eclogite xenoliths are also present, some of 
them being highly diamondiferous (Peltonen et al., 2002). The relatively small number of mantle 
xenoliths available from the Kaavi-Kuopio kimberlites, however, gives a limited sampling of the 
lithosphere relative to the mantle xenocrysts. One of the objectives of this doctoral thesis was, 
therefore, to obtain additional information on the compositional variability and evolutionary history of 
the Kaavi-Kuopio mantle section by studying major and trace element geochemistry of peridotitic 
xenocrysts and by applying thermobarometric methods (Papers I and II). An important aspect was 
also to estimate the thickness of the peridotitic diamond-prospective horizon in the lithosphere.  
 
A
geochemical anomalies in Quaternary till surrounding kimberlitic bodies. A case study in Lapland was 
carried out in order to test and develop methods for this kind of work (Paper III). Two eastern Finland 
kimberlites were selected as targets of detailed heavy mineral surveys (Paper IV): the Lahtojoki pipe 
(Pipe 7) in Kaavi and the Seitaperä dyke swarm (Dyke 16) in Kuhmo. The aim was to contribute to the 
overall understanding of the Quaternary history in these two regions and, more importantly, to provide 
key information for diamond exploration in Fennoscandia and elsewhere in glaciated terrains. 
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2. REVIEW OF ORIGINAL PUBLICATIONS 
Paper I  
Paper I focuses on the subcontinental lithospheric mantle (SCLM) underlying the 600 Ma Kaavi-
Kuopio Kimberlite Province situated at the Karelian Craton margin. Peridotitic clinopyroxene and 
pyrope garnet xenocrysts from four kimberlite pipes have been studied using major and trace element 
geochemistry and thermobarometric methods. The objective of the work has been to study the vertical 
compositional variability and peridotitic diamond potential of the lithosphere. The xenocryst data, 
when combined with the petrological constraints and geotherm determined from peridotite xenoliths, 
yield a relatively complete section through the 600 Ma SCLM, which can be divided into three layers. 
1. A low temperature (700-850 °C) harzburgite layer, corresponding to 80-110 km in depth. This 
horizon is distinguished by Ca-rich but Ti-, Y- and Zr-depleted “CCGE” pyropes. The few xenoliths 
originating from this layer are garnet-spinel harzburgites containing secondary clinopyroxene. 2. A 
variably depleted lherzolitic, harzburgitic and wehrlitic horizon from 950-1150 °C, or 130 to 180 km. 
This layer contains depleted subcalcic “G10” garnets, characteristic of diamond-bearing harzburgites. 
3. A deep, mainly refertilized lherzolitic, horizon from 180 to 240 km, where the bulk of the peridotitic 
(and eclogitic) xenoliths have been derived. The deepest layer contains a very minor amount of 
depleted material and possibly represents a melt-enriched version or extension of layer 2. This 
stratigraphy implies that the peridotitic diamond prospective zone is between 140 km and 180 km, the 
lower temperature stability limit of diamond and the deepest level where G10 pyropes are found.  
 
Paper II 
The aim of Paper II is to obtain information on the origin and evolutionary history of the three 
lithospheric mantle layers described in Paper I by studying rare earth element (REE) geochemistry of 
peridotitic pyrope garnet xenocrysts from Kaavi-Kuopio kimberlite pipes. The C1-chondrite-normalized 
REE contents of subcalcic harzburgitic garnet xenocrysts originating from layer 2 bear evidence of an 
extensive ancient melt extraction event, similar to observations from lithosphere underlying Archean 
cratons elsewhere. Memory of this event has also been preserved in the REEN signatures of the rare 
depleted garnets from layer 3 and possibly in the low-temperature CCGE pyropes despite their 
contradictory saturation in Ca. The highly depleted mantle has been subsequently affected by fluid 
metasomatism involving introduction of a fractionated fluid/melt low in HREE giving rise to the 
sinusoidal REEN patterns, characteristic for subcalcic harzburgitic garnets. Most of the lherzolitic and 
wehrlitic garnet xenocrysts exhibit “N-type” REEN patterns with LREEN depletion relative to MREEN 
and HREEN typical of Ca-saturated mantle garnets. The enrichment of MREE and HREE probably 
derives from another metasomatic event caused by silicate melts, leaving the harzburgitic and some 
rare depleted lherzolitic varieties unaffected in zones or bands. The metasomatism has also caused 
the crystallization of abundant megacrystal Ti-pyropes with N-type REEN patterns. Lower LREE 
concentrations in lherzolitic garnets compared to harzburgitic varieties may derive from the 
redistribution of REE during re-equilibration with clinopyroxene. The history of the shallowest mantle 
layer (<110 km) consisting of garnet-spinel-harzburgite and characterized by the CCGE garnets is 
obviously multi-stage, including several depletion and enrichment events. 
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Paper III  
Paper III describes a case study from eastern Lapland applying and testing methodology used in 
diamond exploration in recently glaciated terrains. The emphasis of this work is on chromite extracted 
from till by studying its composition and morphology with the aim to discriminate local and regional 
populations, and to identify possible kimberlitic/lamproitic indicators. The study area, 20 x 50 km in 
size, was selected on the basis of the regional occurrence of a variety of mantle-derived rocks, the 
recovery of a kimberlitic indicator garnet from till, and the well-established Quaternary stratigraphy in 
the region. The sampling area is proven to contain at least two compositional (and morphological) 
populations of till chromite. The first population is apparently regional and derived from voluminous 
layered mafic intrusions situated up-ice. The second population, much fewer in number, is present in 
one third of the samples and concentrated in a couple of clusters within the target area. It is 
characterized by low contents of Ti, high Cr and Mg, similar in composition to chromite inclusions in 
diamond. The source for these grains remains uncertain, but is probably not kimberlitic, as no high-Ti, 
high-Cr chromites diagnostic for kimberlites and lamproites are present in the samples. Although the 
outcome of the study is negative in terms of diamond exploration, the main goal of the work was 
realized by testing the applicability of the system for heavy mineral separation from glacial deposits.  
 
Paper IV 
Paper IV describes glacial dispersal studies of two eastern Finland kimberlites, Pipe 7 in Kaavi and 
Dyke 16 in Kuhmo. The objective is to document and interpret indicator mineral (0.25-2.0 mm) trains 
and geochemical signatures in the surrounding basal till, and thus, to provide information that can be 
applied to diamond exploration. The processing methodology applied was tested and partly 
developed during the Eastern Lapland case study (Paper III). The selected kimberlites are 
characterized by different shape, size, age and petrology, as well as varying bedrock lithology and 
Quaternary deposits. The 2-ha Pipe 7 is a typical Group I kimberlite that belongs to the 600 Ma Kaavi-
Kuopio Kimberlite Province (Papers I and II) and contains abundant indicator minerals, Mg-ilmenite, 
pyrope and eclogitic garnet, and Cr-diopside. The 1.2 Ga Dyke 16 in Kuhmo, 200 km northeast of 
Kaavi and further on-craton, has characteristics of both olivine lamproite and Group II kimberlite. 
Virtually the only indicator mineral in the overall indicator-poor dyke swarm is chromite. The swarm 
intrudes a 300 x 600 m area. The indicator grains down-ice from Pipe 7 form a symmetrical and well 
defined fan in the basal till that can be followed at least 2 km. The maximum concentration of 
indicators is found at 1.2 km distance from the pipe. Another kimberlitic body discovered during the 
study 300 m down-ice from Pipe 7 emphasizes that there might be more undiscovered kimberlitic 
sources in the area. In the Kuhmo sampling area the indicator dispersal trail from Dyke 16 is 
considerably shorter (<1 km) and not as well defined as in Kaavi, mainly due to lower indicator counts 
in till and a strong background population of till chromites. Results of till geochemistry reveal only 
weak kimberlitic signatures in both areas, probably reflecting the small size of the bodies.  
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3. DISCUSSION  
3.1 Stratification and diamond potential of the lithospheric mantle underlying Kaavi-Kuopio  
It has been previously shown that the structure of the SCLM is stratified adjacent to the ancient suture 
zone between the Archean Karelian Craton and the Proterozoic Svecofennian mobile belt. The mantle 
xenolith suite demonstrates that a shallow zone (<900 °C) of garnet-spinel harzburgite is underlain by 
a zone of garnet facies peridotites (180-240 km) including lherzolitic, harzburgitic, olivine websteritic, 
and wehrlitic varieties (Peltonen et al., 1999). Papers I and II provide more information on the 
compositional variability and evolutionary history of the Kaavi-Kuopio mantle section based on 
peridotitic mantle xenocrysts. Due to the absence of coexisting mineral assemblages, xenocrysts 
cannot provide as much information as xenoliths, but they are far more abundant in kimberlites, and, 
at least in theory, provide a more statistically reliable sample of the underlying mantle (Schulze, 
1995). Ni thermometry (Griffin et al., 1989a; Ryan et al., 1996) on pyrope garnet xenocrysts gives a 
temperature range of 650-1350 °C, indicating a sampling interval of 80-230 km projecting the 
temperatures into the local geotherm determined using mantle xenoliths (Kukkonen & Peltonen, 1999; 
Kukkonen et al., 2003). Three distinct layers in the lithospheric mantle (Fig. 4) can be identified based 
on garnet xenocryst compositions and temperatures combined with the petrological framework 
provided by the mantle xenoliths: (1) A shallow, <110 km, garnet-spinel peridotite layer distinguished 
by CCGE pyropes, named by Kopylova et al. (2000) after ‘‘chromite–clinopyroxene–garnet 
equilibrium’’. (2) A variably depleted lherzolitic, harzburgitic and wehrlitic horizon from 110 to 180 km 
containing diamond-indicative subcalcic G10 garnets of Dawson & Stephens (1975). (3) A deep layer, 
>180 km, composed largely of fertile peridotites. There are, however, some uncertainties involved in 
the proposed stratigraphy. Ni thermometry gives a temperature of equilibration of a single pyrope 
garnet to a typical accuracy of ±50 °C (Ryan et al., 1996), corresponding to ca. ±10 km in depth, for 
the range of 650-1250 °C when extrapolated to the Kaavi-Kuopio geotherm. Bearing in mind these 
factors of uncertainty, the stratigraphy implies a peridotitic diamond window between 140 km and 180 
km, the lower temperature stability limit of diamond and the deepest level where G10 pyropes are 
found. Significantly, this roughly 40 km diamond prospective zone is very close to the same thickness 
as that sampled by the Cretaceous diamondiferous kimberlites from South Africa (e.g., Griffin & Ryan, 
1995). It is still worth emphasizing that subcalcic G10 garnets form only a minor portion of the 
peridotitic garnet xenocrysts derived from the 140-180 km mantle section beneath Kaavi-Kuopio. 
Instead, lherzolitic pyrope (G9), which is less commonly associated with diamonds, is dominant 
(Papers I and II). Nevertheless, a well-sampled component of highly diamondiferous eclogite xenoliths 
(Peltonen et al., 2002) as well as a considerable amount of diamond-indicative Group I eclogitic 
garnet xenocrysts in the Kaavi-Kuopio kimberlites (Fig. 5; McCandless & Gurney, 1989; Gurney & 
Zweistra, 1995) add significantly to the diamond potential of this mantle section. Overall, as regards 
diamond exploration in the area, this is a promising outcome.  
 
The depleted contents of Ti, Y, Zr and HREE of the G10 garnet xenocrysts originating from layer 2 
bear evidence of an ancient komatiite extraction event that started the formation of cratonic peridotites 
(e.g., Shimizu & Richardson, 1987; Nixon et al., 1987; Stachel et al., 1998). The highly depleted 
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lithosphere was subsequently affected by fluid metasomatism with invasion of a fractionated fluid/melt 
low in HREE giving rise to the sinusoidal C1-chondrite normalized REE patterns, characteristic of G10 
garnets (e.g., Shimizu, 1975). Lherzolitic garnets originating from layers 2 and 3 are mostly Ti-rich 
and form REEN patterns typical for Ca-saturated mantle garnets (e.g., Shimizu, 1975) documenting an 
enrichment of MREE and HREE. This metasomatic re-enrichment event was probably caused by 
silicate melts (Griffin et al., 1989b; Stachel et al., 1998) close in composition to a megacryst-forming 
magma (Burgess & Harte, 2004). The melt metasomatism added a Ti-overprint to most of the 
lherzolitic pyropes and caused the crystallization of abundant megacrystal garnets. Harzburgitic and 
some Ti-poor lherzolitic varieties remained unaffected possibly as remnant zones, pockets or bands. 
The results of Papers I and II demonstrate that some depleted material exists in layer 3 at depths 
greater than 180 km. This material is interpreted to represent remnants of layer 2 that once extended 
to these depths but was almost entirely destroyed by the voluminous melt metasomatic event.  
 
The origin of layer 1 is enigmatic (Papers I and II). It is distinguished by CCGE garnets that are ultra-
depleted with respect to Ti, Y, Zr and REE but fertile in their main element composition, as measured 
by saturation in Ca. Kopylova et al. (2000) suggested that the Ca-Cr trend in the CCGE’s derives from 
re-equilibration with clinopyroxene and chromite following invasion of Ca-rich fluid into the system 
leading to the crystallization of secondary clinopyroxene and the transformation of harzburgitic 
garnets to lherzolitic. However, the whole-rock analyses of the garnet-spinel facies peridotite xenoliths 
(Peltonen et al., 1999) show that they actually contain less CaO than the other xenolith varieties. 
Peltonen et al. (1999) suggested that these xenoliths could represent remnants of the reworked 
Archean lithosphere, metasomatized by a kimberlite-derived melt or fluid. For the Slave Craton 
examples Carbno & Canil (2002) concluded that this kind of enrichment event could have been 
caused by interaction of carbonate melt with harzburgite, leading clinopyroxene to form from 
orthopyroxene (Yaxley et al., 1998). The problem with these hypotheses arises from the ultra-
depleted contents of trace elements in the CCGE garnets. It is unlikely that these signatures would 
have been preserved in this kind of metasomatic events. However, it is possible that layer 1 has been 
somehow affected by the Svecofennian orogeny, as this layer does not exist further inside the 
Karelian Craton based on mantle xenocryst studies from the Kuhmo area kimberlites (O’Brien et al., 
2003).  
 
The stabilization ages of the Kaavi-Kuopio mantle layers (1-3) are not resolved in this study. The 
middle (2) and the upper (1) layers are considered to be Archean (Paper II), with a similar age to that 
of the overlying crust (Pearson, 1999). Peltonen et al. (1999) suggested that the lowermost section of 
the mantle (layer 3) has been tectonically emplaced during the collision event at 1.88 Ga, but the 
results of Papers I and II indicate that it, in fact, represents metasomatically re-enriched Archean 
mantle. New, previously unavailable, data on Re-Os isotopes in mantle xenoliths (Peltonen & 
Brügmann, 2005) confirm that layer 2 is indeed Archean with a ~3.3 Ga age determined for melt 
extraction. This age corresponds with the oldest formation ages of the overlying crust (Mutanen & 
Huhma, 2003), implying that layer 2 represents unmodified SCLM stabilized during the Paleoarchean. 
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Despite the fact that xenoliths originating from layer 3 yield only Proterozoic Re-Os ages, Peltonen & 
Brügmann (2005) interpreted it to represent Archean SCLM overprinted by the melt metasomatism as 
described in Paper II, with the original isotopic signature being disturbed. The authors relate the origin 
of layer 3 to continental break-up at ~2 Ga. A maximum age determination for layer 1 peridotites is 
~2.6 Ga, suggesting that Archean domains form at least part of the shallowest mantle horizon. Layer 
1, however, is interpreted by Peltonen & Brügmann (2005) to represent mostly Proterozoic arc 
complex lithosphere thrust beneath the Karelian Craton margin crust during the ~1.9 Ga continental 
collision. 
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Figure 5: TiO2 vs. Na2O classification by McCandless & Gurney (1989) for eclogitic and megacrystal
Kaavi-Kuopio garnet xenocrysts. Note the abundance of diamond-indicative Group I eclogitic grains.
 
3.2 Implications for diamond exploration based on glacial dispersal studies 
The results of indicator mineral dispersal (Paper IV) from the Lahtojoki (Pipe 7) and Seitaperä 
kimberlites (Dyke 16) demonstrate that the till sampling frequency during detailed stages of diamond 
exploration should be 2-3 samples per a square kilometer at minimum. Based on these case studies 
kimberlite dispersal fans can be roughly divided into three zones (Fig. 6): (1) The proximal zone 
characterized by abundant kimberlite fragments and a high concentration of kimberlitic material at the 
base of the till bed. This zone extends approximately 500 m down-ice from Pipe 7 but it is apparently 
absent in the Dyke 16 sampling area. (2) The intermediate zone starts where clearly elevated 
numbers of indicator grains have reached the till surface. In Seitaperä this happens immediately at 
the Dyke 16 contact but in Lahtojoki at a 500 m distance from Pipe 7. This is probably due to the 
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effect of grain liberation from coarser kimberlite fragments, which consequently become less 
abundant in the till. The distance of this zone from the kimberlite is greatly affected by the kimberlite 
rock-type. (3) The distal zone shows decreasing numbers of indicator grains, with the highest 
concentrations in the upper parts of the basal till, and a virtual absence of kimberlite fragments. Zone 
3 dilutes down-ice to the regional background level of kimberlitic indicators. In the Seitaperä study 
area the dilution happens very near the body. Already at 1 km distance from Dyke 16 the counts are 
extremely low. In the Lahtojoki study area the fan extends at least 2 km but its exact length could not 
be determined because of a lake. 
 
The recommended sample size is 60 kg of till at the minimum, which will result in approximately 45-50 
kg of <1 mm material for the Knelson concentrator, providing that bigger rock fragments (a few 
centimeters in diameter or more) are picked out already during sampling. Till samples even that size 
taken at a few hundred-meter distance from the kimberlite may contain only a few 0.25-0.5 mm 
fraction indicators, as seen in the Seitaperä case study (Paper IV). The denser the sampling grid and 
the larger the sample size, the better the chances are to locate an indicator anomaly. The 
interpretation of indicator mineral distribution results should be carefully studied in the context of field 
observations. The recommended sampling media is basal till as it is a direct result of the last 
glaciation and oriented according to the ice flow (e.g., Levson, 2001). In Finland basal till is usually 
abundant and easily available, even though in most cases an excavator, and sometimes even a drill 
rig, is required for efficient sampling. Ablation till is more easily reached by shovel but it lacks 
orientation and, thus, it does not provide exact information about the source area. It is advisable to 
take samples from different layers of the basal till bed (1-2 m spacing), because the indicator content 
may vary considerably at different till horizons depending, e.g., on the transport distance (Paper IV). 
The recovery rate of indicators should be controlled by regularly running spiked test-samples through 
the processing line (Paper III). Usually a multi-stage till sampling program is needed to identify 
possible kimberlitic targets for further studies, such as geophysical measurements or drilling. If there 
are several possible targets, the most promising ones can be selected based on the size and content 
of their indicator mineral fans. In the Lahtojoki case (Paper IV) the indicator maximum was discovered 
surprisingly far away from Pipe 7 and the results also revealed the existence of another kimberlitic 
body. Significantly, the drilled till samples taken near the Pipe 7 area contained abundant coarser (2-8 
mm) kimberlite fragments even though their indicator counts were overall lower than in the maximum 
area located further down-ice. This emphasizes the importance of studying coarser fractions of till 
from interesting locations in the exploration area, on top of the sand-sized indicators.  
 
The most time-consuming stage of diamond exploration is usually the microscopic observing (i.e., 
hand picking) of the kimberlitic indicator mineral grains from heavy mineral concentrates, traditionally 
0.25-1.0 mm in grain size. In general, the coarser split (0.5-1.0 mm) can be observed rather 
effectively, and in some indicator-rich areas, such as Lahtojoki (Paper IV), it already gives a good 
estimate of the indicator distribution. However, in areas similar to Seitaperä (Paper IV) observation of 
the finer split (0.25-0.5 mm) is necessary and requires much more effort. There are some applications  
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that can speed up the picking process or even replace it. For instance, a scanning electron 
microscope (SEM) attached to an energy dispersive spectrometer (EDS) is a promising tool in 
studying the mineral distribution in sediment samples (Vareikiene & Lehtonen, 2004). By using some 
automatic applications of the SEM-EDS system, such as that described by Gu (2003), identification of 
kimberlitic indicator minerals in certain types of heavy mineral concentrates can get even faster than 
by traditional microscopic observing. Some minerals, such as chromite, cannot be usually identified 
as a kimberlitic indicator without analysis by electron microprobe. If chromite grains form a major 
portion of indicators recovered from an exploration area, at least a subset of them should be analyzed 
from carefully selected samples. The key elements to be analyzed are Cr, Mg, and Ti (Papers III and 
IV).  
 
Till geochemistry failed to reveal the kimberlitic targets in the Lahtojoki and Seitaperä case studies 
(Paper IV). The negative outcome can probably be explained by the small size of the selected 
kimberlitic bodies and/or a wrong till size fraction (<0.063 mm) having been subjected to chemical 
analysis (e.g., Lintinen, 1995). Experiences in till geochemistry from the Lake Timiskaming field, 
Canada, for example, demonstrate that coarser fractions of till can be more effective sample media to 
detect a kimberlitic response, as these reflect better the incorporation of kimberlite debris in the form 
of kimberlitic olivine (McClenaghan et al., 2002). This example among several others indicates that till 
geochemistry should not be abandoned as a regional diamond exploration method but should be 
used with careful consideration.  
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4. MAIN CONCLUSIONS 
The main conclusions of this thesis are: 
 
(1) The lithospheric mantle underlying the southwestern edge of the Karelian Craton consists of 
three compositional layers, each of them having a diverse evolutionary and metamorphic 
history. 
(2) The multi-stage origin of the uppermost garnet spinel harzburgite layer (<110 km) 
distinguished by Ca-rich but Ti-, Y-, Zr- and REE-depleted “CCGE” pyropes is probably 
related to the tectonic events during the Svecofennian orogeny. 
(3) Subcalcic harzburgitic pyrope xenocrysts (“G10’s”) originating from the variably depleted 
middle layer (110-180 km) bear evidence of an ancient depletion event, similar to that 
observed from lithosphere underlying Archean cratons elsewhere.  
(4) Lherzolitic pyrope varieties from the middle and the deepest (180-240 km) mantle layers 
document metasomatic enrichment of Ti, MREE and HREE, probably caused by silicate melts 
close in composition to a megacryst-forming magma. 
(5) The melt metasomatism produced abundant megacrystal garnets and destroyed almost all 
depleted material in layer 3, i.e., layer 3 is considered to represent a melt-enriched version of 
layer 2. 
(6) A peridotitic diamond window lies in the middle mantle layer between 140 and 180 km. 
(7) Abundant Group I eclogitic garnet xenocrysts and, moreover, a few previously found highly 
diamondiferous eclogite xenoliths, emphasize the potential of an eclogitic diamond source in 
the Kaavi-Kuopio mantle section. 
(8) The Lahtojoki and Seitaperä case studies demonstrate, that the extent, morphology, indicator 
content, and internal structure of the kimberlite indicator dispersal fans formed in Quaternary 
till can be different due to several reasons, such as the intrusion size, mineralogy, resistance, 
and glacial history in the region. 
(9)  The abundance, distribution and type of the kimberlitic material present in the dispersal fan 
provide information about the distance to the source and about the source itself. 
(10) Local and more regional populations of till chromites can be identified and related to their 
bedrock sources based on the composition and morphology of the grains.   
(11) The detrital heavy mineral suite in basal till comprises both regional and local components. 
Mineral compositions and relative amounts of heavy mineral fractions may vary significantly 
between different localities.  
(12) Diamond prospecting based on indicator minerals requires a good knowledge on the glacial 
history in the region, carefully planned sampling programs to meet the local characteristic, 
and efficient processing and analytical methods. Providing these factors are in order, indicator 
mineral method can be a powerful tool in diamond exploration in the Fennoscandian Shield.  
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